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B cTaxbe npe.acxaB.neH o63op nocneaHHx naHHbix no npodneMe rannoo6pa30BaHHa Ha 
pacxeHnax non B03aencxBHeM nexbipexHornx KJiemen HaaceM. Eriophyoidea. 06pa30Ba- 
HHe ranna HHayimpyexca b KJiexKax annacp.MMca h npeacxaBnaex codon cjio>kho opraHH- 
30BaHHyi0 pOCXOByK) peaKUHIO, B03HHKaK)myiO B OXBeX Ha HHbeKHHIO CJllOHbl. ripHpoaa 
rajui-HHayuHpyiomHx areHxoB HeH3BecxHa. B ponH xaxnx areHxoB Moryx Bbicxynaxb cne- 
PH(J)HHeCKHe (JiaKTOpbl CJIKDHbl KJICIHCH, BO'iACHCXByiOmMe Ha aeaCHHC KJieXOK pacXeHHH 
(HanpHMep, <J>HToropMOHbi, npcanononarxe.ibHo ccKpcxnpycMbic KJiemaMH), h MHKpoo- 
Hbie (JmxonaxoreHbi. Painnuna bo BHeniHeM cxpoeHHH rannoB b nepByio onepeab onpeae- 
naioxca BHaoM KJiema. Pa3Hoo6pa3He rannoB orpaHnneHo HecKOJibKHMH xHnoBbiMH <})op- 
m3mh, Koxopbie, BepoaxHO, B03HHKJ1H KOHBepreHXHo Ha (JjHJioreHexHHecKH aaneKHx pacxe- 
HHax-xo3aeBax. Jinn xHnH3auHH noBpe)KaeHHH, Bbi3biBaeMbix apnocjniOHaeaMH Ha 
pacxeHnax, npeanoaceHa oSHOBneHHaa KnaccncjwKanHa, 6a3iipyiomaaca Ha cneayromnx 
Kpnxepnax: KonnnecxBo opraHOB pacxeHna, BOBJieneHHbix b naxonornnecKHn npopecc; 
npoaoaacHxeJibHoexb cymecTBOBaHna noBpoKneHna h kojiohhh KJiemen BHyxpri ero h no- 
Kammuna noBpc>KaeHHa Ha pacxeHHH (xonorpacjma). OoocHOBaHa noaxanHaa nccncaoBa- 
xenbCKaa nporpaMMa aanbHenninx paSox no npoOneiviaxHKe rannoreHe3a. 

Kjitoneebie cjioea : rannbi, ([mxoropMOHbi, (J)nxonapa3HXH3M, perynauHa aKcnpeccnn 
reHOB. 


HaaceM. Eriophyoidea Nalepa, 1898 — rpynna <|)HTonapa3HTHHecKHX aica- 
pHcjDopMHbix Kjiemeii, H3o6HJiyioma» BpeaoHOCHbiMii BimaMH. BbicoKaa okoho- 
MHHecKaa 3Ha L inM0CTb HeTbipexHornx Kjiemeii cB»3aHa c hx cnocoOHocTbio ne- 
peHOCHTb c|jHTonaToreHbi h Bbi3biBaTb o6pa30Bamie pa3jniHHbix noBpexcaeHiiii 
Ha pacTeHHHx, TaKHx Kate rajuibi, «Be,n,bMHHbi Merabi», paspacTaHiia nonetc 
nap. (CyxapeBa, 1992 ). Hmchho noaTOMy MHome Biiabi neTbipexHonix KJie- 
meii Hapaay c nayTHHHbiMH KJiemaMH, tjihmh h apyniMH BpeaiiTeaaMii pacTe- 
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hhh BHeceHbi b KapaHTHHHBie cmiCKH cnyac6 cjjHTOcaHHTapHoro KOHTpona no 
BceMy Miipy. K HacToaipeMy BpeMeHH onncaHO nopaaica 5000 bh^ob spnocjjHO- 
riaeii, hto no opeHKaM paaa HccjieaoBaTejieH cocTaBjiaeT He 6onee 20 % nx mh- 
poBoro pa3Hoo6pa3na (Amrine et al., 2003). EoJibinaa nacTb onncaHHbix bh- 
aoB aciiBeT Ha pacTeHHax OTKpbiTO, n Jinuib 15 — 20 % bh^ob o6nTaeT b ecTecT- 
BeHHbix y6eacHin;ax Ha xo3anHe hjih BHyTpn o6pa3yeMbix hmh rajuiOB. 
MiiKpocKoniiHecKiie pa3Mepbi (100—200 mkm) n cnoacHocTb aJJHTejibiioro co- 
aepacaHHa spHOfJmonaeH b KyjibType aenaioT nx BecbMa Heyao6HbiMH o6i>eKTa- 
mh a nccneaoBaHHa. ^aHHbin (fiaxT cymecTBeHHO 3aTpyaHaeT npoBeaeHHe 
3KcnepnMeHTajibHbix pa6oT, b tom nncne nccneaoBaHnn no ranjioo6pa30Ba- 
hhk), HHaypnpyeMOMy neTbipexHornMH KJienjaMH. B HacToamen pa6oTe npea- 
CTaBJieH KpaTKHH o63op no aaHHon npoOneMe n paccMOTpeHbi B03MoacHbie 
nepcneKTHBbi aajibHenmnx nccjieaoBaHHH. 


PA3HOOEPA3HE IIOBPETK^EHHH H IIATOrEHE3 rAJI00BPA30BAHH3 

CBoSoaHOJKHBymne spno^nonaen b 6ojibuinHCTBe cnynaeB He Bbi3biBaioT 
BnanMbix HeBoopyaceHHbiM rna30M noBpeacaeHHH. OanaKO HexoTopbie H3 hhx 
npn MaccoBOM pa3MHoaceriHH npnBoaaT k noaBJieHnio pacaBHHHbi (rust), 6poH- 
30BOCTH (bronzing) hjih xjiopothhhocth (chlorosis) HinjjHpnpoBaHHbix nacTen 
pacTenna (Westphal, Manson, 1996). Hhcjio BnaoB spHotjjnoHaen, cnoco6Hbix 
Bbi3biBaTb 3naHHTejibiibie H3MeHeHna b TKanax pacTennn, 3aTparHBaK)inHe ne- 
Jibie KJieTOHHbie naacTbi, HeBennKO no cpaBneHnio c o6ihhm hhcjiom onncan- 
Hbix BnaoB (~5000) n ne npeBbimaeT 10 %. B pe3ynbxaTe aeaxenbHOCTH t3khx 
KJiemeii y pacTenna ([lopMHpytoTca onarn npoJiHijiepaxHBHOH aKTHBHOCTH, ko- 
Topbie npHBoaaT k o6pa30Bannio xex hjih hhmx naTOJiorHHecKHx HOBoo6pa30- 
b3hhh. HanOojiee pa3HOo6pa3Hbie h MHoroHHCJieimbie noBpeacaeHHa Ha6jnoaa- 
lOTca Ha aeyaojibHbix. Ha apyrnx rpynnax pacxeHHH (nanopoTHHKH, rojioce- 
MeHHbie h oaHoaoJibHbie) Bbi3bmaeMbie 3pHO(j)HOHaeaMH noBpeacaemia 
BCTpenaK)Tca ropa3ao peace, a hx pa3HOo6pa3ne cymecTBeimo MeHbuie (West¬ 
phal, 1992). 

HoBoo6pa30BariHa, HHayunpyeMbie 3pHO(j)HOHaHbiMH KJieipaMH, pa3JiHna- 
lOTca no BHeniHeMy BHay h rHCTOJiorHnecKOMy CTpoeHino. KjiaccinjHiKapHa 
rajuiOB, Bbi3biBaeMbix neTbipexHorHMH KjiemaMH, 6biJia npeaJioaceHa 6ojiee 
20 JieT Ha3aa (Westphal, 1992), OHa He oxBaTbiBaeT Bcero pa3Hoo6pa3iia ran- 
jiob h noaTOMy HyacaaeTca b nepecMOTpe. OxBaTHTb Bee B03M0a<Hbie Timbi no¬ 
BpeacaeHHH b eaHHoii KJiaccH(J)HKaLtHH aoBOJibHO cjioacHO, oaHaico npHMeHeHne 
HeCKOJIbKHX KJiaCCH(J)HKaLi;HOHHbIX KpHTepHeB n03BOJiaeT 3TO CaeJiaTb. MbI 
npeanaraeM Hcnojib30BaTb cneayiomHe KpHTepmi (cm. Ta6jiHu;y): Mb 1 ko- 
jinnecTBO opraHOB pacTeHHa, BOBjieneHHbix b naTOJiorHnecKHH npou,ecc; 
Mb 2 — npoaojoKHTejibHOCTb cyuiecTBOBaHHa noBpeacaemia h kojiohhh Kne- 
nteH BHyTpn ero h Mb 3 — JioKajiH3apHa noBpeacaeHHa Ha pacTeHHH (Tonorpa- 
(jma). Tpynnbi noBpeacaeHHH, BbiaeneHHbix no TonorpatfniHecKOMy npH3HaKy 
(icpHTepHH Mb 3), mojkho aanee an(J)(})epeHHHpoBaTb no c[)opMe rajura (Kprrre- 
pHH Mb 3a) h HanpaBJieHHio ero pocTa (KpHTepHH Mb 36). 

Han6ojiee pacnpocTpaHeHHaa h pa3HOo6pa3Haa rpynna noBpeacaeHHH — 
oaHoaeTHHe JincTOBbie raaabi, b nepByio onepeat MeniKOBHaHbie raaabi h boh- 
jiohkh. TaKHe rajuibi BCTpenaioTca rnaBHbiM o6pa30M Ha aByaoJibHbix pacTemr- 
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KnaccHcJ)HKauii5i noBpencneHHH, Bbi3biBaeMbix apnoijiHOHfleaMH Ha pacTeHHax 
(no: Westphal, 1992 c uonojiHeHHaMH) 


Classification of damages caused by eriophyoid mites in plants 
(after: Westphal, 1992, with additions) 


KpHTepHH KJiaCCH(j)HKaiJHH 

Tnnbi noBpeiKfleHHH 

1. KojiHHecTBo opraHOB pac- 
TeHHH, BOBJieneHHbix b na- 
TOJiorHHecKHH npouecc 

1.1. IlpocTbie hjih MOHOopraHHbie (Ha ohhom opraHe pacTe- 
Hiia, HanpHMep, raiuibi Ha jiHCTe) 

1.2. KoMnaetccHbie hjih nojiHopraHHbie (b TepaToreHe3 bo- 
BjieHeHO HecKOJibKO opraHOB, HanpHMep: pa3pacTaHHa co- 
UBeTHH, KymeHHe no6eroB, apy3bi hoick, «BeflbMHHbi MeT- 
jibi») 

2. npoAOJDKHTejibHocTb cy- 
mecTBOBaHHa noBpe^eHHa 
H KOJIOHHH KJiemeH BHyTpH 
Hero 

3. JloKajiH3auH5i noBpe^eHHfl 
Ha pacTeHHH (Tonorpa^Ha) 

2.1. OflHoiteTHHe (Ha ohhojicthhx opraHax pacTCHiiii, HanpH¬ 
Mep, BOHJIOHKH Ha JIHCTbflX JIHCTOIiajIUblX paCTeHHH) 

2.2. MHoroneTHHe (Ha nojirovKMBymux opraHax pacTeHHH, 
HanpHMep, KopoBbie raiuibi) 

3.1. JlncTOBbie (HanpHMep, raiuibi h bohjiohkh Ha nnne, ne- 
peMyxe, ojibxe) 

3.2. CTe6neBbie (HanpHMep, KopoBbie raiuibi Ha cocHe h KJie- 
He) 

3.3. IToHKOBbie (HanpHMep, yBenHHeHHbie noHKH Ha opeunm- 
Ke h ejin) 

3a. BHeniHHH bh,h* 

3a. 1. BoHJioneK (erineum, warty galls) 

3a.2. MacHCTbie BbipocTbi anHuepMHca (fleshy protuberan¬ 
ces) 

3a.3. «OcnHHbi» (pocken galls) 

3a.4. KpaeBbie 3aKpyHHBaiiHa jmcra (marginal leaf roll galls) 
3a.5. )KHJiKOBbie raiuibi (vein galls, fold galls) 

3a.6. MeuiKOBHflHbie ramibi (pouch galls, finger galls) 

3a. 7. EjumiKOBiiflUbie raiuibi (blisters) 

36.3nH^epMHC,* b kotopom 
H anHHaeTCH mijxyKixwi raji- 
noreHe3a hjih pacnojioaceHo 
Bxo^Hoe OTBepcrae rajuia 

36.1. AnaKCHanbHO-HHflyuHpOBanHoe (KJiem miracica Ha 
BepxHeft noBepXHOCTH Jincia, rami pacieT CBepxy bhh3) 

36.2. AoaKCHaJibno-HHayHHpoBaHHoe (KJiem nimieTca Ha 
HHiKHeii noBepxHOCTH jiHcta, ranir pacTeT CHH3y BBepx) 


ripHMeaaHHe. *r[pHMCHHTCJIbHO TOJlbKO K JIHCTOBbIM ItiJUiaM (3.1). 


ax. MeuiKOBH^Hbie raiuibi o6mhhm Ha apeBecHbix pacTeHHax b SopeanbHoii 
ronapKTHKe (Ha KJieHax, 6epe3ax, Tononax, HBax). Ilo cpaBHeHHto c .npyrnMH 
BH^aMH ramioB (J)opMnpoBaHne MeuiKOBH^Hbix rajuioB HCCue/toBaito ^ocTaTOH- 
ho no,ztpo6HO. Ha npHMepe MeuiKOBH^Hbix rannoB Ha onbxe mme paccMOTpe- 
ho rajuioo6pa30BaHne no# B03^eHCTBHeM 3pHocj)Hoii,neH. 

06pa30BaH«e MeuiKOBH^Horo rajuia npe/tcTaBJiaeT co6oh cjiotkho oprami- 
30BaHHyio pocTOByio peaKu,Hio, KOTopaa HimyunpyeTCfl b animepMHce jihcto- 
BOH IIJiaCTHHKH. H3yneHHe aHaTOMHH MeUlKOBH^HblX rajlJlOB, pa3BHBatOmHXCB 
Ha xiByx BH/iax ojibxh ( Alnus glutinosa h A. incana) npH 3apa>KeiiHH KJiemaMit 
Eriophyes laevis, noica3ajio, hto HananbHbie CTa^HH (JiopMHpoBaHHa rajuia cbb- 
3aHbI C MHOrOHHCJieHIIblMH aHTHKJIHHaJTbHblMH JfeHeHIIflMH KJieTOK aoaK'CHaJIb- 
hoh L iacTH Me30(})HJiJia (Kane et al., 1997). Pe3yjibTaTOM 3Toro aBJiaeTca noTepa 
hctko BbipaaceHHbix 3 oh najiHcannoro Me30(|)HJina h aapeuxiiMbi h t])opMitpoBa- 
HHe naoTHOH Maccbi e^HHOo6pa3HOH napeHXHMbi. napeHXHMHbie KaeTKH rajuia 
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Ha paHHCH cTa^Hii pa3BHTiia hmciot MOpt^oaornaecKHe xapaKTepHCTHKH, th- 
miHHbie rji % KaeTOK MepHCTeM (nnoTHyio roMoreHHyio HHTonjia3My, rnnepTpo- 
cjDiipOBaHHbie a^pa, OTpupaTeabHyio peaKpnio b 6hoxhmhhcckhx TecTax Ha 
jiiiraiiH h KpaxMaa). CoaeTaHiie MHoroHHcaeHHbix aHTHKJiHHanbHbix h pe^KHX 
nepiiKJiiiHaabHbix .aeaemiH KaeTOK a6aKCHajibHoro 3nH^epMHca h napeHXHMbi 
Bbi3biBaeT iiHBarHHau,iiio aSaKCHaabHoii ctopohm aHCTOBOH naacTHHKM, H3 ko- 
Topoii b ^aJibHefimeM (JiopMiipyeTca MeniKOBH^Hbra raaa. B raaaax Ha 6oaee 
no3^HHX CTa^iiax pa3BHTHa aKTHBHoe ^eaeHHe KaeTOK b aHTHKaHHaabHOM Ha- 
npaBaeHiiii coxpaHaeTca ToabKO b hha'hch aacra raaaa, OKpyacaiomeH raaao- 
Byio nopy (ostiole). B to ace BpeMa KaeTKH anHKaabHOH aacTH raaaa yipaanBa- 
iot cnoco6HOCTb k .aeaemiaM h cootbctctbchho MOptJioaorHHecKHe xapaKTepn- 
cthkii MepHCTeMHbix KaeTOK (b aacTHOcra, hx ajxpa He rnnepTpoijiHpOBaHbi, 
b miTonaa3Me BCTpeaaiOTca rpaHyabi KpaxMaaa), KpoMe Toro, HaSaroaaerca 
aHrHiKjDHKapiia BHyTpeHHen BbicTHaKH raaaa, o6pa3OBaHHO0 aSaKcnaabHbiM 
ammepMiicoM. TaKHM o6pa30M, Ha paHHHx 3Tanax (JiopMHpOBaHHa raaaa Baac- 
Heiimyio poab iirpaiOT HHTeHCHBHbie ,neaeHH» snH^epMaabHbix KaeTOK h MepH- 
CTeMaTH3apHa KaeTOK napeHXHMbi, Tor^a KaK CTapeHHe raaaa CBa3aHO c ynaoT- 
HeHHeM ero ctchok h CHHaceHHeM npoaHtJjeparaBHOH aKTHBHoe™ KaeTOK bxo- 
aamax b ero cocTaB TKaHen. 

Taaabi, HanoMHHaiomHe no cjiopMe MernoK, ho 6oaee KpynHbie no pa3Me- 
paM, o6pa3yiOT Ha ancTbax pacTeHHH HeKOTOpbie HacexoMbie, HanpHMep raa- 
anpbi h Tan, a Taxace rpn6bi h HeMaTOflbi. naToreHeraaecKHe npopeccbi, npo- 
Hcxoaamne b pacTHTeabHbix TKaHax npn B03aencTBHH 3thx ispeaiiTeaeii, b ne- 
aoM noxoacH h, KaK h b cayaae c 3pHO(j)HOH,ziHbiMH KaemaMH, BKaioaaiOT 
^e^H(})(jDepeHriHpoBKy h npoaH(})epau;Hio KaeTOK, conpoBoac^aiomyioca H3rn6a- 
HHeM aHCTOBon naacxHHKH h nocaeayiomHM yToameHHeM ctchok raaaa (Ra¬ 
man, 2012). riaToreHe3 TaKnx noBpeac^eHHH, KaK 3aKpyaHBaHHa Kpaa ancTO- 
boh naacTHHKH h pa3pacTaHHa noaeK no,a .aencTBHeM Kaemeil nan HaceKOMbix 
npoTeKaeT cxo^nbiM o6pa30M. CpaBHHTeabHbiH ananm pa3Hoo6pa3Hbix $opM 
MoptjioreHeTHHecKoro oTBeTa npnBo^iHT k H,aee o KOHBepreHTHOM xapaKTepe 
THnoB raaaoreHe3a, HH^yunpyeMoro pa3HbiMH rpynnaMH apTpono^ Ha pacTe- 
HHax (Raman, 2011). KpoMe Toro, ohcbhaho, hto otbct pacTeHHH Ha KOHTaicr c 
napa3HTaMH HMeeT orpaHHaeHHoe ancao BapHaHTOB. HccaeflOBamia nocaea- 
hhx aeT noKa3aan, hto BaacHyio poab b 3thx npoueccax nrpaeT H3MeHeHHe 6a- 
aaHca (JmToropMOHOB h HMMyHHbiH otbct pacTeHHH, o^HaKO nyra hx aKTHBa- 
ljhh no# B03AencTBHeM TpHrrepoB aaeHHCTOHornx noxa caa6o H3yaeHbi (Choi 
et al., 2011; Erb et al., 2012; Tooker, Helms, 2014; Suzuki et al., 2014). 


3THOJIOriW rAJIJI00BPA30BAHHfl 

06maa Teopna, oStacHaiomaa pa3HOo6pa3He raaaoB h MexaHH3Mbi hx bo3- 
HHKHOBeHHa, He pa3pa6oTaHa. Ebiao noKa3aHo, hto raaaoreHe3 Bbi3biBaeTca 
KOMnoHeHTaMH caiOHbi (J)HTonapa3HTOB, pacnpocTpaHaiomHMHca ot MecTa 
HHOKyaau,HH no naa3MO,a,ecMaM h cocy^aM, a He MexamiaecKHM noBpeac^eHH- 
eM pacTHTeabHbix TKaHen (Sopow et al., 2003). HecMOTpa Ha BbicoKoe mhoto- 
o6pa3ne ranoB raaaoB, hx oSte^HHaeT yHHBepcaabHoe cbohctbo — Bee ohh 
CB»3aHbi c H3MeHeHHeM poctoboh nporpaMMbi KaeTOK b oSaacTii (JiopMiipOBa- 
hh» raaaa. no3TOMy ocHOBHbie rnnoTesbi, oobacHaiomHe Mexami3M HHayKiuiii 
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rajiJioreHe3a, CBinaHBi c xhmhhccxhmh areHTaMH cjiiohbi, choco6hbimh bjihutb 
Ha npojiHtjjepaiiHK). HeTxaii npnuHHa pa3BHTHn poctoboh peaxunn jihctoboh 
njiacTHHKii npn rajiooopasoBaHH h noxa He BBiMBnena. B Ka L iecxBe /jeHCTByio- 
uj;ero Hanajia, 3anycxaiomero npouecc o6pa30BaHHa rajnia, MoryT BBicTynaTB 
(1) cnemitjjjHiecKHe Tpiirrep-cJiaxTopBi, B03aeHCTByiomHe Ha AejieHHe KJieTOK 
pacTeHHH (HanpHMep, cjiHToropMOHBi), h (2) MnxpobHBie (J)HTonaToreHBi. 

1. BnoxHMHHecKHe TpurrepBi cjiiohbi KJiema (cjiHToropMOHBi h nenraABi). 
Kax npaBHJio, pocTOBBie peaxmm pacTeHHH Ha 3apaaceHHe napa3HTaMH CBH3a- 
HBI C JIOKajIBHBIMH H3MCHeHH5IMH XOHpeHTpaHHH (jlHTOrOpMOHOB (Dodueva 

et al., 2007). 3th H3MeHeHH5i MoryT 6bitb oOycjioBJieiiBi xax mccthoh hhtchch- 
cjuixaimeH CHHTe3a poctobbix ropMOHOB caMoro pacTeHHH b HHtjjHimpoBaHHBix 
KJieTxax, Tax h miBexmieii 3X3oreHHBix cjjHToropMOHOB co cjiiohoh napa3HTa. 
reHBi 6HOCHHTe3a ayxcHHOB h hhtoxhhhhob (AByx ochobhbix rpynn ropMO- 
hob, xoHTpoJiHpyioimix xjieTOHHBiH hhxji y pacTeHHH) oSHapyaceHBi y pa^a (Jih- 
TonaToreHHBix SaxTepHH h rpnOoB (Hartig, Beck, 2006). yBejiHuemie xohuch- 
TpailHH HHTOXHHHHOB H ayXCHHOB B nOpa>KeHHBIX OpraHaX pacTeHHH BBISBJieHO 
npn H3yneHHH B3aHMo,neHCTBH5i pacTeHHH c eme 6ojibihhm xojihhcctbom raji- 
jiOHHAyunpyiomHX (})HTonapa3HTOB: rpnSaMH, npocTeHniHMH, HeMaTo^aMH h 
HacexoMBiMii (flo^yeBa h ^.p., 2013). CpaBHHTejiBHO nenaBHO 6bijio noxa3aHO, 
HTO B CjlOpMHpOBaHHH naTOJIOTHHeCXHX H0B006pa30BaiIHH y bbicihhx pacTeHHH 
npHHHMaeT yuacrae eme o^Ha rpynna (jiHToropMOHOB — CLE-nenTHABi. B ua- 
cthocth, HH^yxiiHa rajuioreHe3a neMaTO/iaMH CBmaiia c hx choco6hoctbio x 
6HOCHHTe3y h cexpeiiHH CLE-nenTH,ztOB (Mitchum et al., 2008; Dodueva et al., 
2012 ). 

BnepBBie npennojimxeHHe o tom, hto b cmoiie ueTBipexuorax xjiemefi co- 
nepacaTcs (|)HToropMOHBi, 6bijio BBicxa3aHO h npOBepeHo b pa6oTe HTajiB- 
hhcxhx axaponoroB (De Lillo, Monfreda, 2004). B hx TecTax Ha ayxcnn- h hh- 

TOXHHHH-nOttoOnyK) aXTHBIIOCTB (c XOJieOnTHJUIMH nmeilHUBI H H30JIHPO- 
BaHHBIMH CeMHAOJIHMH pejIHCa COOTBeTCTBeHHO) 3XCTparHpOBaiIHBIH cexpeT 
cjiiohhbix >xejie3 xjiemeu ^eiicTBHTejiBiio neMOHCTpHpoBaji o6e 3th axraBHo- 
cth, ho otjihhhh ot xoiiTpojis 6bijih HeBejiHXH. npMpo/ia areHTa CJIIOHBI XJie- 
meil noxa He onpejiejiena, ho npe/mojiaraeTCii, l ito 3to MoryT 6bitb (jurrorop- 
mohbi, MHToreHHBie JiHnHjiBi hjih xHToaan-nojioOHBie MOJiexyjiBi (Farmer, 
2000; Petanovic, Kielkiewicz, 2010a; Raman, 2011). ITpiiHiiMaa bo BHHMamie 
AaHHBie, nojiyueHHBie Ha npHMepe npyrax rajuiOHHaymipyiomHx c|)HTonapa3H- 
tob, npeucTaBJiaeTCJi HanOojiee BeponTHBiM, hto apHOtJmoHneH MoryT 6bitb 
CnOCoSHBI X 6HOCHHTe3y H eexpeHHH (JiHToropMOHOB (ayXCHHOB, HHTOXHHHHOB 
hjih CLE-nenTHflOB) jih6o MoryT bjihhtb Ha MeTa6ojiH3M 3thx ropMOHOB b pac- 
THTejIBHBIX TXaHJIX. 

rioMHMO HenocpejiCTBeiiHoro ynacTHu b xoHTpoJie xjieTOHHoro mixjia, cJih- 
ToropMOHBi MoryT B03jieHCTBOBaTB Ha axTHBHOCTB MepncTeM, peryjmpyfl ypo- 
BeHB axcnpeccHH reHOB MepHCTeM-cneuHcJjHmiBix TpaHcxpiinHHOHHBix tjjaxTopoB 
(Galinha et al., 2009). HanSojiBrnyio hsbccthoctb cpenn hhx nojiyunjiH roMeo- 
^OMeH-co^ep^caiHHe TpaHcxpnnHHOHHBie (JiaxTopBi KNOX (KNOTTED 1- 
Related Homeobox) h WOX (WUSCHEL-Related Homeobox), xoTopBie bjihh- 
k)t Ha ypoBeHB axcnpeccnn renoB-peryjMTopoB MeTa6oJiH3Ma h nepenauy cur- 
Hajia TaxHX (jiHToropMOHOB xax hhtoxhhhhbi, ayxcHHBi, rn66epejuiHHBi h 
CLE-nenTH/iBi (Lutova, Dodueva, 2007; Galinha et al., 2009). B cbjoh c sthm 

JIOTHHHO npe/tnOJIO^CHTB, HTO H3MeHeHHe MeTa6ojIH3Ma ayXCHHOB, U.HTOXHHH- 
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hob ii CLE-nenumoB b TxaHax pacTeHHH noa bjihhhhcm rannoHHayiJHpyiomHX 
napa3HTOB MoaceT conpOBoacaaTbca H3MeHeHHeM aKTHBHOCTH MepHCTeM-ene- 
IJHljlHHHblX TpaHCKplfflUHOHHblX 4)aKTOpOB KNOX H WOX. /JeHCTBHTejIbHO, 
axTiiBamia sxcnpeccim reHOB KNOX h WOX 6bina noKa3aHa ana paaa naTo- 
noriiHecxiix HOBOo6pa30BaHiiH, HHayunpOBaHHbix napa3HTaMH y Bbicuinx pac¬ 
TeHHH (Bird, Koltai, 2000; Testone et al., 2008). XoTa TOHHbie MexaHH3Mbi ax- 
THBauim sxcnpeccHH reHOB KNOX h WOX npH pa3BHTHH rannoB ao HacToa- 
m,ero BpeMeHii Hen3BecTHbi, He HCxmoneHO, hto b cniOHe 3pHO(})HOHaeH b 
OyaymeM 6yaeT odHapyaceH xaxoH-nn6o axraBaTOp sxcnpeccHH sthx hjih 
(JjyHKUHOHajibHO 6jih3khx k hhm reHOB. 

2. IlaToreHHbie HHijiexuHOHHbie areHTbi. Eme oaHo npeanonoixeHHe o Me- 
xaHH3Me BJinaHiia HeTbipexHorax xnemeM Ha HOpManbHbiS pocT hhctoboh nna- 
cthhkh 3aKj[K)iaeTca b tom, hto KjieuiH BbicTynaiOT b xanecTBe nepeHOCHHKa 
MHKpoOHoro rannoiiHaymipyiomero areHTa — HanpHMep, BHpyca hjih 6 axTe- 
pHH. /(encTBHTejibHO, HexoTOpbie SaxTepHH h BHpycbi Bbi3biBaiOT aHOManbHbie 
pa3pacTaHHa TxaHeil y pacTeHHH, a paa onyxojib-HHayunpyiomHx BHpycoB 
(<|)HTopeoBHpycbi h reMHHHBHpycbi) nepeHocHTca HacexoMbiMH, rnaBHbiM 06 - 
pa30M 6 ejiOKpbuiKaMH h uHxaaxaMH (Raman, 2012). XoTa HCcneaoBaHHa apno- 
(jiHOHaen xax B03MO>XHbix nepeHOCHHXOB rannoHHayuHpyiomHx MHXpo 6 m>ix 
(|)HTonaToreHOB paHee He npoBoanjiHCb, 6 bmo noxa3aHo, hto oTaenbHbie BHau 
3pno(J)HOHaHbix xnemeft nepeHocaT ifiHTOBHpycbi, HanpHMep, BHpycbi MosanxH 
nmeHHUbi h peBepcnn CMOpoaHHbi; Taxace Bbicxa3bmajiHCb npeanoaoaceHHa, 
hto 3pHO(J)HOHaoH MoryT 6 birb nepeHOCHHxaMH (J)HTonjia3M (CyxapeBa, 1992; 
Oldfield, Proeseler, 1996; Petanovic, Kielkiewicz, 2010a, b). KpoMe Toro, He 
HCxmoneHO, hto neTbipexHorne xaeipn, xax h MHorne apyrne pacTHTenbHoaa- 
Hbie HneHHCTOHorne, hmciot BHyTpnxjieTOHHbix nan BHyTpnnonocTHbix chm- 
6hohtob, xoTopbie b cbokd onepeab MoryT 6 bi rb HCTOHHHxaMH BemecTB, ynacT- 
ByromHx b HHayxuHH pocTa raaaoB. TaxnM o6pa30M, Bonpoc ynacraa MHxpo- 
6ob b raaaoreHe3e, HHayunpyeMOM apno^HonaeaMH, ocTaeTca OTxpbiTbiM h 
TpeOyeT npoacHeHHa. 


BKJIM HAPA3HTA H X03HHHA B <POPMHPOBAHHE TAJIJIA 

raaaoo6pa3yiomHe 3pHO(JmoHaHbie xaemn h hx pacTemia-xo3aeBa o6pa3y- 
K)T CTaSHJIbHbie CHMOHOTHHeCXHe CHCTeMbI C TOHXO OTperyjIHpOBaHHbIMH Me- 
xaHH3MaMH B3aHMHoro BJinaHHa (Petanovic, Kielkiewicz, 2010a,b). >Kh3hch- 
Hbie HHXJibi rajuiOBbix xaemeii ixecTxo npHBa3aHbi x (JieHOJiorHHecxHM H3MeHe- 
HHaM b opraHH3Me pacTeHHH (Keifer, 1975). Tax, b oOnacTax c ce30HHbiM 
xjiHMaTOM, nepe3HMOBaBuiHe cbmxh, sacenaa Monoatie JincTba BecHoil, imay- 
unpyiOT rajuioreHe3; b TeneHne Hecxojibxnx Heaenb Ha nncTbax (JiopMHpyiOTca 
raaabi, b xoTopbix aeTOM naeT oypnoe pa3MHo>KeHHe xaemeii; 3aTeM HanimaeT- 
ca MeaaeHHoe cTapeHHe raaaa, 3aBepuiaiomeeca o6hhho x Hanaay 3aMopo3xoB 
(CyxapeBa, BeTBepnxoB, 2013). K 3TOMy BpeMeHii BHyTpH raaaa OTpoixaaeTca 
noxoaeHHe 3HMyioiii,Hx ocoOeii, xoTopbie 3HMyiOT BHyTpH ycbixaiomero raaaa, 
an6o MHrpnpyioT x apyrHM MecTaM 3hmobxh (noa nemyaMH nonex, b hhcto- 
bmx cneaax, TpemnHax xopw). 

ripouecc raaaoo6pa30BaHHa npoTexaeT noa BanaHiieM xoMOiiHauHii mho- 
acecTBa (JiaxTopoB, cBa3aHHbix xax c HH(Jiexii,HOHHbiM areHTOM (xaemoM), Tax h 
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c X033HH0M (pacTeHiieM). B jiHTcpaType axraBHo AncxyrapyeTca Bonpoc: 3a- 
bhcht jih ran rajuia ot Bii^a napa3HTa hjih onpenejiaeTca cndjHtJmxoH caMoro 
pacTeHiia (Keifer, 1975; Westphal, 1992; Petanovic, Kielkiewicz, 2010a). IIpH 
xaacymenca npocTOTe stot Bonpoc othioab He TpHBHajiBHBin. JlK>6onBiraBin 
npHMep npe^CTaBJiaeT KOMruieKC bh/ior apHOcjraoHAen, o6pa3yioiuHx rajniBi Ha 
jinne (Tilia spp.). B stot xoMnnexc BxoAaT bhabi poaob Eriophyes von Siebold, 
1851 h Phytoptus Dujardin, 1851. noBpeacAeHHa, BBi3BiBaeMBie TpeMa pa3HBiMH 
BH^aMH KJiemen po^a Eriophyes Ha oahom h tom ace BH^e JinnBi, HanpHMep Ha 
T. cordata, hctxo pa3jiHHaiOTca no (jiopMe: tohkhc poacxoBHAHBie raiuiBi, miOT- 
HBie BOHJIOHXH MOKAV JKHJIXaMH H pBIXJIBie «yrJ10BBie» BOHJIOHXH (b MeCTaX OT- 
xoacAeHiia 6okobbix jxhjiox ot ueHTpajiBHoil) (Soika, Kozak, 2013). TeM ca- 
mbim mojxho 3aKJHOHHTB, hto b cjiynae c KJiemaMH pofla Eriophyes 4>opMa no- 
BpeacAemia 33bhcht ot BH/ia KJiema. C Apyroil ctopohbi, oahh h tot ace bha 
po^a Phytoptus, HanpHMep P. tetratrichus (Nalepa, 1890), Ha pa3HBix bh- 
Aax Jinn BBi3BiBaeT pa3HBie noBpeacAeHHa: xpaeBBie 3axpyHHBaHHa jihctb Ha 
T. cordata, poacxoBHAHBie rajuiBi Ha T. americana h B3AyTBie bohaohxh Ha 
T. tomentosa h T. platyphyllos (UleBHeHxo, Pynailc, 1964; Soika, Kozak, 2013). 
B .zjaHHOM cjiynae mojxho npnHTH k BBiBOAy, hto (jjopMa OTBeTHoil peaxuHH 
onpe^enaeTca bhaom pacTeHHa-xo3aHHa. OAnaxo HenaBno b xo^e Monexynap- 
Ho-cjn-uioreHeraHecxoro aHajiH3a, 6a3Hpyiomeroca Ha H3yneHHH nocjieAOBa- 
TejiBHocTen MHToxoHApHajiBHoro reHa nHToxpoM-oxcHAa3Bi (COI), 6biho no- 
Ka3aHO, hto bha Phytoptus tetratrichus, no-BHAHMOMy, npeACTaBnaeT co6oh 
xoMnnexc bhaob-abohhhxob, xoTa neTxaa npHypoHeHHOCTB xaacAoro H3 hhx k 
onpeAeJieHHBiM bhaam pacTeHHH-xo3aeB He npocaeacHBaeTca (Cvrkovic et al., 
2012). TaKHM o6pa30M, HanGonee BepoaraBiM c[)aKTOpOM, onpeAeAaiomHM ran 
raAAoreHe3a, npeACTaBnaeTca Bee ace BHAOBaa npHHaAJieacHOCTB (jiHTona- 
pa3HTa. 


IIEPCnEKTHBbl MJIbHEHUlHX HCCJIE^OBAHHH 

BBiacHeHHe MexaHH3MOB rajuioreHe3a noA bo3A6hctbh6m neTBipexHorax 
KJiemcH bb)kho xax b (JiyHAaMeHTajiBHOM, Tax h b npaxranecxoM acnexTax. 
C oahoh ctopohbi, noBpeacAeHna TxaHen h opraHOB BBipamnBaeMBix pacTeHHH 
npHHHHHIOT 3XOHOMHHCCXHH yUiepS CejIBCXOMy X03HHCTBy. C ApyrOH CTopo- 

HBI, HCCJieAOBaHHe TOHXHX B3aHMOAeHCTBHH B CHCTeMe «napa3HT-X03HHH» 

HHTepecHO b njiaHe pexoHCTpyxunH CTaHOBJieHHa chm6ho™h6Cxhx oraorne- 
hhh MeacAy xjieuiaMH h pacTeHHaMH b xoAe 3BOJHOHHH. 3ra acnexTBi onpeAe- 
jiaioT axTyajiBHocTB h nepcnexTHBHocTB AaJiBHeHniHx HccjieAOBaHHfi no npoG- 
jieMe rajuioreHe3a. HcoGxoahmo Hanra yAOOHyio moacjib, OTBenaiomyK) pany 
xpHTepneB: oraocnTejiBHaa jierxocTB xyjiBraBHpoBamia b jia6opaTopHBix 
yCAOBHaX, XOpOTXHH aCH3HeHHBIH HHXJT h BBicoxaa cxopocTB o6pa30BaHHa raA- 
jiob, a Taxace npneyTCTBHe ashhbix no peryjiaTopHBiM reHaM BBi6paHHoro pac- 
TeHHa-xo3aHHa b reHOMHBix 6a3ax a3hhbix. Ha Taxon moacjih mohcho 6yAeT 
npocaeAHTB Mop^oreHeranecxHe h GnoxHMHHecxHe H3MeHeHHa, nponcxoAa- 
inne b TxaHax pacTeHna b xoAe o6pa30BaHna rajuiOB, nojiyniiTB HOBBie AaHHBie 
o reHeranecxHX MexaHH3Max rajuioo6pa30BaHiia, a Taxace npoacHHTB npupoAy 
rajui-HHAyunpyiomero areHTa. PeuiHTB Bee nepeHiicjieHHBie BonpocBi b paMxax 
oahoto HCCJieAOBaHHa HeB03MoacHO, noaTOMy Ha HanajiBHOM 3Tane npeACTaB- 
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naeTca aKTyanbHbiM npiiMeHemie HanOonee npocTbix h nocTynHbix MeTonHK. 
TaKoe noncKOBoe nccne,noBaHne Morno 6bi BKnionaTb cjie/iyioiiiHe aTanbi: 

(1) cpaBHeHiie rHCTOJioniHecKHx cpe30B rajuiOB Ha pa3Hbix CTannax pa3BHTHa, 

(2) opeHKa H3MeHeHiiH 3KcnpeccHH reHOB b xone pa3BHTHa rajuia, (3) opeHKa 
MeTaooa ii i iec khx imieHeHiiii b pacTHTeubHbix KJieTKax non B03nencTBHeM KJie- 
men h (4) cpaBHeHHe nojiyneHHbix nanHbix. 

B npeacTaBJieHHOM Bbiuie o630pe 6bmo noKa3aHO, hto BaaoieSuiyio ponb b 
naToreHe3e iirpaiOT KOMnoHeHTbi cjhohbi KJiemen h peaKiina reHOMa kuctok 
X03HIIHa Ha HHbeKHIIIO CJHOHbl, B KOTOpOH, BepOSTHO, COHepHCaTCa (JiaKTOpbl, 
BJiiiaiomiie Ha 3KcnpeccHio reHOB pacTHTeubHbix kuctok. Mbi npennonara- 
eM, hto b Kpyr noncKa B03M0a<Hbix TpHrrepoB rajuioreHe3a HeoSxonHMO bkjiio- 
HHTb cjienyiomiie rpynnbi reHOB: reHbi roMeon,OMeH-conepacamnx TpaHCKpnn- 
tjHOHHbix (JiaKTOpOB (ceMeHCTBa KNOX h WOX); reHbi, KonnpyiomHe 
CLE-nenTH^bi; reHbi TpaHCKpHnpHOHHbix (JiaKTopoB, peryjinpyiomHX anaKCH- 
anbHO-a6aKCiiajibHyio nojiapHOCTb jihctoboh nnacTHHKH (ceMencTBa HD-ZI- 
PIII, KANADY h YABBY); HeKOTOpbie reHbi KjieTOHHoro HHKjia (ceMencTBa 
CycD, CycB), a Taxace reHbi nepBHHHoro oTBeTa Ha HHTOKHHHHbi h ayKCHHbi 
(ceMeiicTBa ARR-A h Aux/IAA cootbctctbchho). KojiHHecTBeHHbiM aHanH3 
SKcnpeccHH HecKOJibKHX rpynn reHOB b TKaHax Mo/iejibnoro o6beKTa Ha pa3- 
hmx CTa^nax pocTa ramiOB no3BOJiHT cy3HTb cneKTp peryjiaTopHbix reHOB, bo- 
BJieneHHbix b raJuioreHe3. 

HanSojiee aneKisaTHbiH MeTon ohchkh H3MeHemia MeTa6onH3Ma b pacra- 
TeabHbix KJieTKax — raaoBaa xpOMaTO-Macc-cneKTpOMeTpHa (Muravnik, Sha- 
varda, 2012). C noMombio stoto MeTona MoacHO BbiaBHTb MeTaGojiOMHbie 
«cj3BHrH» b tkbhhx jiHCTa, B03HHKaioinHe b xone rajijioreHe3a. /Jna stoto CHa- 
najia HeoOxonnMo nojiyHHTb thitoboh MeTa6onoMHbiH npocjiaHJiHHr (metabolo- 
mic profiling) 3nopoBbix HHCTbeB (MOJionwx, 3peJibix h cTapbix), KOTopbift b 
HajibHeiimeM mojkho OyneT HHTepnpeTupoBaTb KaK «(J)oh». Elocjie 3Toro Heo6- 
xoaHMo npoBecTH onpenejieHHe MeTabojiOMHbix npocJmHJiHHroB rajuia Ha pa3- 
HblX CTaHHHX pa3BHTHH H C0n0CT3BHTb MX C COOTBeTCTByiOUIHM «(|)OHOM». 
C noMouibio ra30B0ii xpoMaTorpa(J)HH Moamo Taxace H3MepnTb conepa<aHHe 
CB060HHMX H CBH3aHHbIX (f)OpM (f)HTOrOpMOHOB (ayKCHHOB h uhtokhhhhob) b 
3flOpOBbIX H HHCjjHHHpOBaHHblX OpraHaX MOaeJIbHbIX paCTeHHH, a T3K>Ke B ca- 
mhx KJieuiax. OflHaKO 3Ta 3anana conpaaceHa c panoM MeTonojiorHHecKHX 
cjiojKHOCTeii h noTOMy He paccMaTpnBaeTca HaMH xax nepBOonepenHaa. 

IIpencraBjieHHaa Bbiuie noiranHaa HCCJienoBaTejibCKaa nporpaMMa no 
npoSaeMaTHKe rajuioreHe3a, HHnyunpyeMoro HeTbipexHoriiMii KJiemaMH Ha 
pacTeHHax, MoaceT cjiyacHTb opneHTHpOM HJia oynymux noHCKOBbix pa6oT b 
^hhom HanpaBJieHHH. B jiaJibHeiimeM oHa MoaceT 6biTb pacmiipeHa, c ycnoBH- 
eM azieKBaTHoro nonOopa MonejibHbix oobexTOB. 
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SUMMARY 

Eriophyoid mites are a group of phytoparasites of high economic importance due to 
their ability to transmit phytopathogens and cause the development of various plant mal¬ 
formations including galls. Chemical compounds of mite saliva injected into plant cells 
and the reaction of the plant cell genome play the crucial role in the gall formation process. 
Various triggers specific to plant DNA (e.g. exogenous phytohormones) and pathogenic 
microbes may be the factors inducing the gallogenesis. The process of gall formation is a 
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complex growth reaction induced in the epidermal cells. Mechanisms of the gallogenesis 
induced by eriophyoids are studied very insufficiently. The analysis of the available litera¬ 
ry data shows that malformations caused by eriophyoids on plants significantly vary in 
shape, topography, and longevity and may have different etiologies. Differences in the 
shape of a gall depend, first of all, on the mite species; plants, however, demonstrate limi¬ 
ted number of gall types. Clarified classification of galls induced by eriophyoid mites is 
proposed. A gradual program for future studies is represented. 
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